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INTRODUCTION 
In conjunction with their program of research in the field of component parts, 
the Small Homes Council-Building Research Council (SHC-BRC) has been instru-
mental in the development of nail-glued trusses. As a continuation of the other 
studies undertaken by the two organizations, the Lumber Dealers Research Council 
(LDRC) awarded a contract in 1960 to SHC-BRC to study the design feasibility of 
a prefabricated truss for framing the upper level and roof of a one-and-a-half-
story house. The design was to be published in the form of an instruction sheet 
in a series issued by Small Homes Council. 
Since a basic requirement of such a truss is to provide an open living space 
on the upper floor, a true truss could not be used. The resulting design took the 
form of a highly indeterminate frame, shown in Figure 1, which depended upon 
rigidity provided by plywood gussets glued and nailed to the structural members 
for its strength. 
FIGURE 1 
The original design of the truss depended upon approximate calculations 
verified by full-scale testing. It was hoped that this truss might find applications 
in various sections of the country and under diverse climatic conditions, building 
codes, and other restrictions. The number of tests which would need to be per-
formed in order to produce an optimum design tended to make this method of 
analysis impractical. 
In an attempt to overcome these difficulties and to add to the basic knowledge 
of wood structures, the project was given a second purpose, that of investigating 
the possibilities of applying a more rigorous mathematical analysis by means of a 
digital computer. 
Under the direction of Professor Percival, the structural analysis was started 
and the program written for the IBM 650 computer by D. H. Sapp, Research 
Assistant, Small Homes Council. In the summer of 1962, the University had re-
moved its IBM 650 from service and had replaced it with the IBM 7090 computer. 
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A new program was written for the IBM 7 090 by Gary Wood, Research Assistant, 
Small Homes Council. The results of this analysis have been compiled and will be 
discussed later in this paper. 
Facilities for structural model testing, available through the Department of 
Architecture, provided a third means of analysis for the truss. Under the sponsor-
ship of the Small Homes Council, work was begun on the model testing program in 
the spring of 1963. This paper is concerned with the model analysis. 
MATERIALS 
The selection of Plexiglas® as the-material for the model truss was on the 
basis that the material is homogeneous, has a constant modulus of elasticity, and 
is easily worked with the available tools. An acrylic-resin adhesive was selected 
because of its strength and speed of setting. The Plexiglas gussets, cut in the same 
proportion as the plywood gussets of the prototype and attached with the acrylic 
resin, provide joints which closely simulate the glued-nailed joints of the prototype. 
The degree of reduction in size from the prototype was based on the thickness 
of the available Plexiglas. The dimension of 1-5/8 inches (nominal 2-inch member) 
was reduced to an available size of 1/8-inch, a ratio of 13 to 1. Each dimension of 
the model is 1/13 of the corresponding dimension of the full-scale truss as shown in 
Figure 2. The geometry of the two trusses, model and prototype, is that of similar 
figures. 
The gusset plates and frame members were cut to the desired lengths from 
stock sized to an accuracy of 5. 5% for the manufactured thickness and of 1% for the 
machined width. The truss was then fabricated over a template, similar to the 
construction process of the prototype truss. 
28'-4" 
j .. .., 
PROTOTYPE 
FIGURE 2 
2 
28.33(12) 
13 
MODEL 
26 .154" .. I 
PROCEDURE 
Application of Load 
The full-scale tests of the prototype were performed on a test floor with the 
plane of the truss parallel to the floor, as shown in Figure 3. The loads were 
applied by hydraulic cylinders at intervals across the truss. 
Figure 3 
Due to the flexibility of the plastic, it was decided to test the model in an 
upright position. A series of loads were hung from the truss at intervals of one 
scale-foot, measured horizontally across the truss. By loading the truss at each 
such point along the top and bottom chords, values for deflection and strain for 
each loading could be read and entered on influence tables. By combining some or 
all values, one can compute deflection or strain at a given location under partial or 
total loading of the truss. 
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Measurement of Deflection 
The use of a direct reading dial gage on a truss of this scale is unacceptable 
because the resisting force exerted by the spring within the gage is significant with 
respect to the scale loading. In addition, deflections of the model truss were so 
small that the dial gage would not provide sufficiently accurate readings. Therefore, 
the deflections were measured optically. After numerous trials using parts of 
different dimensions for the deflection gage, it was found that portions of paper 
clips provided the most suitable apparatus for this gage, as shown in Figure 4. 
Bottom chord ~'----
n 
II 
1----- Vertical rod -------1 
\---- Fixed bracing rod ----1 
Horizontal rollers ---...J 
Front-surfaced mirror 
DEFLECTION MEASUREMENT GAGE 
FIGURE 4-a 
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As the bottom of the truss deflected under load, the rod imbedded in the bottom 
chord was raised or lowered. The vertical motion of this rod caused the rotation 
of the horizontal rollers of radius r. A small front-surfaced mirror attached to 
one of the rollers reflected a directed beam of light upon a reading screen, a 
distance L away from the mirror. 
Deflection 
\ JlReading 
\ l 
' f- Reflected light 
\ t 
Screen ~~ 
L ~ ~ Light source 
~ 
~ 
....< ~ "- Directed light 
DEFLECTION MEASUREMENT ASSEMBLY 
FIGURE 4-b 
The magnification constant of this apparatus is such that the actual deflection 
of the bottom chord at the point measured is equal to the deflection shown on the 
screen, s3 , times the ratio of the radius to the distance. This relationship is 
determined in Figure 5. 
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FIGURE 5 
By comparing similar figures: 
From the geometry of the figure: 
r = 0.021" 
L = 47.25" 
Roller-
S3 r s--
2- 2L 
52 = A./2 
~- S3r 
- L 
.6. = 0.021 (s3) =I 0.000444(5 ) I 
47.25 3 
where 53 is the screen reading · in inches 
6 
Determination of Loads 
Since the truss spacing of the prototype is two feet, the load on the truss is 
2 x "!!.pounds per lineal foot, where 'J!. is the load on the truss in pounds per square 
foot. Since the model has been reduced in the order of thirteen to one, every 
dimension of the model, including the truss spacing, is 1/13 of the corresponding 
dimension of the prototype. The load on the model is then 2 x "!!_/13 pounds per 
lineal foot or 2 x "!!_/169 pounds per scale lineal foot. 
This is the amount of load which was applied to the truss to produce scale 
deflection and strain readings. These values were then adjusted to account for 
differences in material s and section properties between the model and prototype 
to enable the prediction of full-scale behaviour. 
Revision of Load 
It was decided that the application of a series of loads, from 20 pounds per 
square foot to 100 pounds per square foot, would provide enough points to plot 
an influence curve. For a scale model load equivalent to 50 pounds per square 
foot, the load on the model was approximately 2/3-pound. This load produced 
rather large deflections, requiring a curved scale to accurately read the deflection 
gage. When a smaller load was used, producing smaller deflections, the rotation 
of the reflected beam of light was small enough to neglect any error due to the use 
of a flat surface, as snown in Figure 6. In addition, the effects of creep in the 
Plexiglas were considerably reduced as the load was reduced. 
\ Reading screen/ 
Light source 
/ 
/ 
FIGURE 6 
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Adjustment by the Ratio of Moduli of Elasticity 
An arbitrary unit load could have been employed to avoid the complications of 
creep and of difficulty in the reading of the deflections, or the scale model load 
could have been adjusted by some factor or constant. One such factor, Em/Ep, 
the ratio of moduli of elasticity of the two materials, allows the application of an 
adjusted scale model load instead of an arbitrary unit load. When the scale load 
is reduced by the ratio of E values, it is reduced to less than one-fourth of the 
unadjusted load. The deflections produced by the adjusted loads are easily measured. 
p = 2w. Em = 2w ,. 387,630 = 0 .0026o(w) 
m 169 Ep 169 1,760,000 
E Values 
Ep is the value for the modulus of elasticity of Douglas Fir, Coast Region, 
as assumed in the computer portion of the truss analysis. Em was determined by 
the calibration of a sample of the Plexiglas from the same stock as used in the 
model truss. The sample tested was a scale 2 x 8 section approximately two feet 
long. A micrometer was used to measure the cross-section of the sample to 
determine the degree of variation. Several readings were taken and the average values 
calculated. The degree of variation of these values is noted in Figure 7. 
Pinned support ---+-o 
Plexiglas -----+-
Strain gages ---
Load 
application -----1 
Load Reading 
(gms) Ascending Descending 
0 10-1230 ----
400 1250 20 
800 1280 30 
1200 1315 35 240 
1600 1350 35 
2000 1380 30 
3120 1470 90-
Average sizes of sample: 
0.5816" 
0.121
11 
FIGURE 7 
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•0.6% 
-1.0% 
+5.2% 
-5.5% 
SR-4® strain gages , the same as used on the model truss , were applied to 
opposite sides of the sample material. The gages were connected in series , thus 
canceling any bending effect due to asymmetrical loading or positioning of the member 
during the test. A series of increasing loads was applied and the resulting strains 
plotted on the stress-strain graph, as shown in Figure 8. The slope of the curve 
provides the calibrated value for the modulus of elasticity of Plexiglas. 
250 
..1: 
u 200 c 
·-
.. 
G) 
a. 100 
., 
G) 
..1: 
u 
c 150 •j 
0 
.. 
u 
i 50 
0 
/ 
/ Vi 
/ ~ 
/ / vv 
/ v 
0 400 800 1200 1600 2000 2400 2800 3200 
2970 gms. 
E = 2970(106 ) psi 
0.121(.5816)240(453.60) = 381 ' 600 
FIGURE 8 
Scale Model-Load 
Scale model-loads, corresponding to the prototype loads, were applied at 
one-scale-foot increments across the top and bottom chords of the truss. Deflection 
readings under the knee wall and at the mid-point of the bottom chord were taken 
at each load position and entered in influence tables. 
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w 
psf 
PP· lb pm 
gms 
20 40 23.58 
40 80 47.17 
60 120 70.76 
80 160 94.34 
100 200 117.93 
The strain gages were used mainly to determine the effect of axial stress in the 
deflection of the truss. SR-4 strain gages were applied to the truss in the positions 
shown in Figure 9. A 150 gm. load was applied to the truss in the same manner 
as in the deflection test. Axial and bending strains were then read for each point 
of application. The factors for the effect of axial stress on deflection were cal-
culated for various groups of loads. 
Figure 9 
Prediction of Full Scale Deflection 
There are three constants involved in the calculation of predicted full-scale 
deflections from model deflection readings. These are the deflection gage constant, 
0. 000444 as determined in Figure 5, the magnification factor, Kb , due only to bend-
ing stress, and the magnification factor, Ka, due to axial stress. The latter two 
constants differ for each loading condition and point of deflection reading. The 
three constants are combined with 83 , the screen reading in inches, as shown, 
to produce the predicted full-scale deflections. These deflections have been plotted 
for direct comparison of the three methods of analysis in Figures 10 to 13. 
~p • 0. 000444 X ka X kb X 83 
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CONCLUSION 
From the preceding graphs , we may notice that a discrepancy exists between the 
values obtained from the three methods of analysis. Computer and model analysis agree 
quite closely in four cases. The values obtained from the full - scale tests yield results 
considerably different from the analysis values, varying according to the position of 
the load on the truss and the point of deflection reading. 
The degree of agreement between the computer and model analysis suggests that 
the reason(s) for the discrepancy might be found beyond the realm of experimental error. 
In an attempt to discover the basis for this discrepancy , we will examine the basic 
assumptions upon which the computer and model analysis were based. 
Properties of Materials 
The material of the truss was assumed to be homogeneous in both the computer and 
model analysis. The value of E = 1, 760 , 000 was assumed in the computations of both 
procedures. Wood, by nature , is a fairly homogeneous material when considered in the 
direction of the grain. However, the presence of such inconsistencies as knots , checks, 
and shakes disrupt the homogeneity of the material. The lumber with which the proto-
type trusses were constructed was purchased from lumber yard stock, in an attempt 
to simulate actual field conditions. The fact that the lumber did possess knots , and 
possibly other inconsistencies , would account for some of the deviation encountered 
in results of the three methods of analysis. The fact that the Plexiglas members varied 
in uniformity of size, due to manufacture , may tend to either compensate for or add 
to the deviation, depending upon the relative locations of the inconsistencies. 
Other factors, such as density, moiture content, and E-value variation, may have 
some bearing on the results. The degree of influence of these points is minimized since 
it may be assumed that the lumber met the minimum classification specifications. 
Gusset Plates 
The computer assumed the joints formed by the gusset plates to be completely fixed. 
The joints of the Plexiglas model, although fabricated in a manner similar to those of 
the prototype, at no time received a load large enough to demand the limit of joint fixity. 
Under the loads imposed on the model, the joints behaved as though perfectly fixed. 
The model thus duplicated the assumption of full fixity which was introduced into the 
computer. 
It has been estimated, from previous full-scale tests, that the glue-nailed plywood 
gusset plate joints may be expected to obtain from 85- 90% of full fixity. The variation 
expected from this factor should appear only in the upper ranges of the deflection curves, 
after the full-scale joints have reached their limit of fixity. 
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Truss Be&_hvior 
If the previously discussed discrepancies alone contributed to the difference 
between the deflection curves ~ the degree of deviaUon would be fairly constanL This, 
as may be seen from the graphs which consider roof loading, is not the case . Further 
examination of the truss behavior is necessary to locate other possible causes of the 
deviation, 
When load is applied to the floor only , the truss shape is not util ized to it s fullest 
extent. The bottom chord tends to behave primarily as a beam. The relat ively small 
amount of deviation encountered here might be explained by the previously discussed 
differences between materials and joint fixity. However, when load is applied on the 
roof planes the degree of deviation is considerably greater than that encountered with 
floor load only , It sugges s that other factors , inherent in the loading of the roof planes ~ 
caused this pronounced deviation . 
By tracing the paths of the roof loads through the truss, we notice that most of the 
load is transmitted through the points of intersection of the knee walls and the bottom 
chord of the trus s . The knee wall 9 acting as a column, imposes a compressive force 
upon the bottom chord ~ in a direction perpendicular to the grain . Both the computer 
and the Plexiglas models simulate material assumed to possess homogeneou~trength 
characteristics in aU direc ions. The bottom chord of the full-scale truss, ~<Jbeing 
non- homogeneous in both directions~ might contribute to the difference between the 
curves. 
More important is the end support conditions of the truss as assumed in the 
three methods of analysis. The computer assumes one end t o be pinned , the other on 
rollers . The full ~scale truss was supported by two steel angles firmly bolted to the 
test floor . The model was supported in a manner similar to the full-scale truss ~ 
but due to the very low coefficient of friction between the materials .~ a condit ion quit e 
close to the roller support was provided . 
Considering the truss as an entire unit " when loaded it t ends to expand outward . 
During the full-scale tests of the truss, the t endency to expand was resisted by friction 
between the steel angles and the bottom chord of t he truss . This fr ictional resistance, 
being a function of the coefficent of friction between wood and metal and of the normal 
force or reaction at the point of bearing~ succeeds in reducing the tension in the bottom 
chord of the truss . 
In addition to the loss of t ension in the bottom chord due to friction , further loss 
is experienced when the bottom chord of the truss exhibit ed a slight crus hing at the 
inside edge of the steel angle o The effect of this mechanical rest raint is noticed only 
in the upper ranges of the deflection curves. The total reduction of tension in the 
bottom chord, due to both frict ional resistance and mechanical restraint on the steel 
angle 9 results in a one~fourth to one~ half r eduction in the total tension in the bottom 
c l1ordo Under these conditions . the recorded full ~scale deflections will be greater 
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than predicted by analysis methods assuming roller support of one end or by actual 
field conditions. 
Evaluation of Methods of Analysis 
The value of small- scale models can be appreciated when we consider that the 
results produced very closely approximated those given by computer analysis of the 
math matical model. The application of either of these methods to the analysis of 
indeterminate wood trusses is somewhat limited due to the non-homogeneity of the wood. 
The results shown in this paper are by no means an indication of the validity of the 
various methods of analysis. • 
It is hoped that a series of full - scale tests will be performed with end conditions 
similar to .those used in the other t\\0 methods of analysis. Only in this manner will 
we be able to compile data which m ay be directly comparable. It is believed that the 
curves which would be obtained fr om such testing would more closely approximate 
those of the computer and model analysis. The degree of variation between these 
curves would then be the result of inconsistencies of the material and variations of the 
gusset plate fixities , along with any actual deficiencies in the methods of analysis. 
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